In this paper the electric conductivities of aqueous solutions of sodium salts of aliphatic carboxylic acids of the H(CH 2 ) n COOH [n = 0 to 9] types were measured from T/K = (283.15 to 313.15) in the concentration range 0.0005 b c/mol • dm −3 b 0.0200. In terms of the limiting molar conductance (Λ ο ) the measured conductance results have been analyzed by the Fuoss -Justice conductance-concentration equation. From these data the carboxylic ionic contributions (λ H(CH 2 ) n COO − o ) to the limiting molar conductance have been estimated. In this paper the Eyring's enthalpies of activation of charge transport ΔH ⁎ were also calculated. The variations of λ H(CH 2 ) n COO − o and ΔH ⁎ as the function of the aliphatic chain length of analyzed carboxylic acids were determined.
Introduction
In our previous paper the apparent molar volumes V Φ of sodium salts of the H(CH 2 ) n COONa [n = 1 to 9] types in dilute aqueous solution were determined by density measurements, at T = 298.15 K [1] . From these data the values of limiting partial molal volumeV 0 2 were calculated and the variations of V 0 2 values with aliphatic chain length of analyzed salts of carboxylic acids were determined. This paper is a continuation of our studies of physicochemical and thermodynamic properties of carboxylic acids and their salts in water [1] [2] [3] [4] [5] .
The review of the literature shows that only some studies on the electric conductivities of sodium salts of carboxylic acids in water, at 298.15 K, were made [6] [7] [8] . Until now, there have not been carried out studies on the analysis of changes of limiting molar conductance linked with the structure and length of the hydrophobic chain of the studied electrolytes.
Therefore in the present studies, the electric conductivities of aqueous solutions of sodium salts of aliphatic carboxylic acids of the H(CH 2 ) n COOH [n = 0 to 9] types were measured from T/K = (283.15 to 313.15) (in the steps of 5 K) in the concentration range 0.0005 b c/mol • dm − 3 b 0.0200. From these data the carboxylic ionic contributions (λ H(CH 2 ) n COO − o ) to the limiting molar conductance and Eyring's enthalpies of activation of charge transport ΔH ⁎ have been estimated. The variations of λ H(CH 2 ) n COO − o and ΔH ⁎ with aliphatic chain length of all analyzed carboxylic acids were determined.
Experimental section

Materials
Sodium salts of methanoic, ethanoic, propanoic, butanoic, pentanoic, hexanoic, heptanoic, octanoic and nonanoic acid of high degree of purity were used (all information of purity and Producers of these salts are presented in Table 1 ). All analyzed sodium salts of carboxylic acids were twice recrystallized from aqueous ethanol solutions and dried under vacuum at T = 383 K for 2 days before use.
Potassium chloride (0.9999, Merck) was dried for 2 days at T = 373 K and was used to determine the conductance cell constant. Double distilled, deionized and degassed water with a specific conductance better than 0.5·10 −6 S • cm −1 was used for the preparation of the mixed solvents.
Methods
All the solutions were prepared by mass using an analytical balance (Sartorius RC 210D) with an uncertainty of ±1·10 −5 g. The experimental procedure for conductometric measurements were described in our previous papers [9, 10] . Conductance measurements were carried out on a RLC Wayner-Kerr 6430B conductivity meter an uncertainty of 0.02%, using a three-electrode cell (similar to that which is described in work [11] ). The cell was calibrated by using aqueous potassium chloride solution [12] . For all measurements the calibration thermostat BU 20F (Lauda, Germany) type with a stability better than 0.005 K was used. In addition, the temperature was controlled using a thermometer Amarell 3000TH AD (Germany). The thermostat has been connected with a through-flow cooler DLK 25 (Lauda, Germany). Conductivity measurements were performed at the different frequencies, v, (0.2, 0.5, 1, 1.5, 2, 3, 5, 10, 20) kHz. All measured conductance values, λ = 1/R ∞ , were the results of an extrapolation of the cell resistance, R ∞ (ν), to infinite frequency, R ∞ = lim ν → ∞ R(ν) using the empirical function R(ν) = R ∞ + A/ν, where parameter A is specific to the cell. Considering the sources of error (calibration, purity of samples, measurements), the estimated uncertainty of the measured values of conductivity was estimated to be ±0.05%.
Results and discussion
The experimental molar conductances (Λ) and corresponding molalities (m) for the investigated salts in the mixed solvent are collected in Table S 1. For convert molonity, m, (moles of electrolyte per kilogram of solution) into molarity, c, the values of density gradients, b, have been determined on the basis of density solutions measurements from the equation:
where ρ o is the density of the solvent. The values of measured densities of water and the salts solutions as a function of temperature are presented in Table S 1.The density gradients and the molar conductances Λ as a function of molality m (moles of electrolyte per kilogram of solvent) and temperature are presented in Table S 1. The relationship among m, m, and c is the following:
where M is the molar mass of electrolyte. The conductance data were analyzed using the Fuoss-Justice equation [13, 14] in the form:
together with
and
In these equations, Λ o is the limiting molar conductance; α is the dissociation degree of an electrolyte; K A is the ionic association constant; R is the distance parameter of ions; γ ± is the activity coefficient of ions on the molar scale; and A and B are the coefficients of the Debye Hückel equation. The analytical form of the parameters S, E, J, and J 3/2 were presented previously [15] [16] [17] .
The values of Λ o for the all investigated salts in all measured temperatures were obtained using the well-known procedure given by Fuoss [13, 14] . The calculations were carried out assuming that R = q (qBjerrum distance [18] ). Example of the graphical variations of Λ(exp) -Λ(calc) as a function of concentration is shown in Fig. 1 .
In Table S [23] . The most likely, that these effects are due by the smaller precision of apparatus for the conductometric measurements used in those years (see papers [19] [20] [21] [22] [23] ) and the methodology. Fig. S4 shows a comparison of the course of the function change Λ = f(m) for CH 3 (CH 2 ) 4 COONa in water at 298.15 K which are presented in this work and literature. As we can see, the values presented in the work [24] have a slightly different slope in relation to the values discussed in [26] . In the work [27] describing the same values for CH 3 (CH 2 ) 6 COONa (see Fig. S6 ), there is a similar problem with different conductivity values.
In the first place, it should be emphasized that the authors of this work do not provide values in low salt concentrations, and we do not know exactly how the course of this relationship will look. The second cause of the presented differences is a larger measurement error (as in work [25] ) which can significantly influence the results of the measurement. This error will bind with a less accurate measuring bridge. The authors of discussed works used the conductivity cell (Model 011510, Thermo Orion), which is much less accurate than the one used in this work. It should also be noted, that the authors of the discussed works also benefit from a more simplified model of counting of conductivity. All these discussed factors may affect on differences in the course of changes of the analyzed functions.
The literature values of density, viscosity and relative permittivity of water, which are necessary for the calculation of these parameters, are presented in Table 2 .
There are also collected in Table 2 the literature values of limiting molar conductances for Na + cation measured in water at seven temperatures. These data enabled us to calculate the limiting ionic conductances of individual carboxylic anions using the following dependences:
In this equation, Λ o is the limiting molar conductance of sodium salts of the studied carboxylic acids.
The obtained values of λ A − o are collected in Table 3 . For comparative purposes values of λ A − o at 298.15 K measured by us and the literature data are brought together in Table 4 . The greatest divergences of these values are visible particularly for anions H(CH 2 ) n COO − when n N 3.
These differences can be presumably explained by low precision of that mentioned above data published in the first half of the 20-th century.
The dependences of limiting conductances of studied carboxylic ions (λ A − o ) as a function of number of -CH 2 -groups in the chain anion of the studied acid (n) are shown at . 2) . The more precise analysis of obtained by us results show that the dependence λ A − o = f(n) can be described by the following dependence:
The values of parameters a, b and c have been calculated using the nonlinear least square method and obtained data are collected in Table 5 . [28] . b Ref. [29] . c Ref. [30] . d Ref. [11] . Table 3 Experimental values of limiting equivalent conductances,λ 
The discussed dependence Eq. (6) Most likely, that the experimental data obtained for the formate ion do not obey Eqs. (5) and (6) are results of this that this ion has no alkyl fragment in structure.
The Eqs. (5) and (6) are much better fulfilled for CH 3 COO -than for the HCOO -anion. However, the value of λ A − 0 for formic anion has not been used for calculations of a, b, and c (see Table 4 ), since as it has been postulated by authors of other works [1, [33] [34] [35] (where the apparent molar volumes of carboxylic anions have been studied), the charged COO -group influences considerably the hydration sphere of the nearest -CH 2 -group.
As it results from the examination of data which are shown in Table 5 , values of parameters a and c systematically increase with the growth of the temperature which is not surprising since with increase of temperature also the conductivity of ions increases. Whereas, the values of parameter b are independent from temperature.
The transformation of the Eq. (5) leads to the following dependence:
where
, A 2 = a(e -b -1). This dependence is so far important as it enables the precise determination of changes of the conductivity of the anion with its growth by one -CH 2 -group.
Based on the fact that values of limiting conductances were determined at seven temperatures it was possible to calculate values ΔH ⁎ enthalpy of activation of charge transport from the given below equation [36] using data collected in Table 2 : The plots of the function ln λ Table 6 ).
The courses of changes of enthalpy ΔH ⁎ as a function of the number of -CH 2 -groups in the alkyl chain of carboxylic anions are shown at 
Conclusions
The electric conductivities of aqueous solutions of sodium salts of aliphatic carboxylic acids of the H(CH 2 ) n COOH [n = 0 to 9] types were measured from T/K = (283.15 to 313.15) (in the steps of 5 K). The conductance results have been analyzed by the Fuoss -Justice conductance-concentration equation in terms of the limiting molar conductance Λ ο . We have used available in the literature values of limiting molar conductivity of sodium cation to estimate the limiting molar conductivities of carboxylic anions. The equation representing changes of conductivity of these anions as a function of the number of carbon atoms in the aliphatic chain has been proposed. The enthalpies of activation of charge transport ΔH ⁎ have been also calculated and their dependences on the number of carbon atoms (n) and the energy corresponding to a single -CH 2 -group has been suggested.
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